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Preface
. [ »“ . i ) - ’ . 7 .
While thé following Jist is gktensive, it is by no
means comprehensive. |t is to be regarded solely
as a reference tool, enabling-those who use it to
quickly solve such. fudamental but vital problems
asgerrect spelling, punctyuatien, and ‘capitalization
of erfergy-related metric (S1) units, derived units,.
and symbols. - No attempt-has been made to nfet-
ricize—i:e., to-convert any unit to its metric (S|)
equivalent=—or viceVersa—i.e., to convert a metric
. Unitto any other Gnit, o :

Included with the list are suggestions about haw
some of these units and’their symbols can be modi-

Jied for use in those data processing-systems where
character sets lack the necessary S| members and
where the system output is interpreted by human
beingg, along with the very concise October 36,
1977, National Bureau of Standards Federal
Register notice concerning United States adoption
of Sl standards, ‘
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Sl AND OTHER UNITS AND SYMBOLS
USED IN THE ENERGY FIELD '

. Unit of measure * . Symbol

ampere’ - : .- , A -

ampere per meter - A/m

ampere per square meter : - A/mZ
sangstrom® - ) - A -

atto (10-18)% L, " a o

“bar? _ _ bar
barn? T ‘b
batrel®, = k bbl’

"barrel per day? - b bbl/d -
becduerel Y . . Bg
British thermal unit® . ‘Btu
calorie? , cal
candela ‘ . cd

candela per square meter cd/m?
centi (10-2)° ' C
centimeter cm
centipoise? P - ¢cP
centistokes® . £S5t

cheval vapeur® . <o cv

cheval vapeur hour? - cv-hr
coulomb c

coulomb per cubic meter c/m?3
coujomb per square meter C/m?

cubic centimeter cm
cubic decimeter dm
cubic foot? ft3
cubic meter m
cubic meter per hour m3/h
cubic meter per kilogram ' m3/kg
cubic meter per second ’ m3/s
curie? . -
darcy ( »
day . - .
deci (1071)?

‘caoo0

See footnotes at end of list.
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Unit of measure - » Symbol

[+

" degree (plane angle} -
degree Celsius = = - °c.. .
degree centigrade? °C (See degree
S : Celsius)
"degree Fahrenheit? o °F :
. degree Kelvin® . ' °K (Use kelvin)

; degree Rankine °R N

~deka (107)% . : da,
dyne? o dyn -
erg? erg
exa(10'8) E
farad - F
farad per meter F/m
femto (10-15)0 : f -
foot pound-force? o ft-lbf

“gallon®~ , gal
gallon per minute? gal/min
gauss? ' - G
_giga (109)? ' G
gigabeequael . GBq
gigacalorie? Geal
gigagram ' Gg
gigajoule GJ
gigaliter® GL
gigawatt : GW
gigawatthour GWh
gram : g
gram per kilogram a/kg
gray " Gy
hectare * ! ha
hecto-(10%)® - -+ h
hectoliter® hL
henry H A
henry per meter " H/m

hertz ! . Hz

horsepower? hp

horsepower hour? hp-h

See footnotes at end of list, T
+
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Unit of measure

hour

joule

joule per cubic meter
joule per kelvin

joule per kilogram

joule per kilogram kelvin
joule per mole

joule per mole kelvin
kelvin T

kilo (103)?

kiloampere

kilobarrel? )
kilocalorie? [
kilogauss?® ’
Kilogram 7
kilogram meter per second
kilogram square meter
kilogram per cubjc meter
kilogram per metlr
kilogram per°meter second
kilogram per second
kilogram per second meter
kilogram per square meter

‘kilohertz .

kilohm .~ ‘ _“
kilojoule. 7 e -
kilojoule per square meater ..
kiloliter® .,

kilonewton

kilopascal

kilotonne?

kilpvolt
kilowatt
langley?’
liter? .

See footnotes at end of [list.

Symbol

h

J

J /|"n3
J/K
J/kg
J/(kg-K)
J/mol
J/{mol-K)
K

k

kA

kbbd

e

- keal

£

B

kg-m/s
kg-m?
kg/m?
kg/ri
kg/(m-s)
kg/s
kg/(s-m)
kg/m? *
kHz

k&2 .

kJ

kJ/m?

kL

kN

kPa

kt (See metric
kiloton)
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Unit of measure-

lumen

lux :
mega (106)®
megacalorie?

megacalorie per kilogram?

Jnegagram 5
megahertz R
Enegajc:ule ‘
megajoule per kilogram
megaliter® .
megapascal

megavolt .
"“egi"@t |
megaWatthour

megohm
meter?
meter newton -°

meter per second

meter per second squared

metric kjloton -‘\

metric ton

mho?

[

micro (1Q-6)®
"micfofarad

microjoule

micrometer
micraonewton
rmicrowatt )
milli (10-3)® |
millibar? )
millicoulomb per kilogram
millidarcy?
milligram

— . -

See footnotes at end of list.

y‘ﬂ

k)
-

M

Mcal

Mcal/kg

Mg -

MHz

MJ

MJ/kg

ML

MPa

MM

MWh

M

m

m-N
‘'m/s

m/s? .
kt{Same size
ds gigagram)

t (Same size

* as megagram)
mho {Use

siemens)

M

uF

ud
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" Unit of measure
milligram per kilogram - . ’
" milligray .
millihenry” ‘ o
milliliter— . s
millimeter! :
millimeter squared per second
. millinewton -
millipascal second
millitesla <
milliwatt
‘ minﬁ:{e (plane angle)
minute (time)
mole
mole per cubic meter
nano (10-2)0
nanometer
newton’
newton meter
_newton meter per radian
newton meter per second
-newton per meter
*ohm
pascal
pascal second
peta (1015)®
pico (10-12)%
picoliter per meter®
poise? I .
pound? -
pound-force? {
pound-force per square inch?

Symbol

", ma/kg

mGy
mH
mL

.mm?/s’
mN .
mPa:s
mT '

mW

14

min
mol
mol/m?3

Ibf

psi or Ibf/in?

‘pound-force per square inch absolute® psia

pound-force per square inch gauge¢
quad?

radian

radian per second
radiation absorfed dose?
reciprocal meter (wavelength)

¥ !
See footnotes at end of list.

psig
q

rad
rad/s
rd

ﬁ“}’1
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' Unit of measure

réllative biological effectiveness?

revolution per minute? - -
revolution per second
roentgen® h

_ Toentgén equivalent man?
. second (plane angle) - K

second (time) _

siemens -
square kilometer
square neter

steradian

stokes?

tera (1072)0
_teracalorie?
. terajoule

terajoule pe’r)ear ¥

teraliter®
terawatt ¥
terawatthour?

ton (short)?

tonne? .

torr? #

trillion cubic feet?
volt ’
volt ampere

volt per meter

watt

watthour

watt per cubic meter

See footnotes at end of list.

TJ
TJ/aor
TJ/yr
TL
T™W
TWh
T
hm
th .
It or
" long ton
st or
short ton .
t (See metric
ton)
Torr
tcf
\Y
V:-A
eV/m
W
Vh
/i3



?‘f fUnitaf ’ )

© - _ measure © Symbol
watt per meter kelvin-. - . W/(m-K)
watt per square meter W/m?

- watt per sguare meter stejadian W/(m?-sr)
weber .- . e Wb .
year . ‘ aoryr
Footnotes ’ . T

5

AII unlts designated bv fcntnnte are either to be used for
*a limited tlme dnly, are obisolete, or are being replaced by
units of the Internatmﬂsl System (51). All those not
_designated by footnote’are Si units of units in use with S,
For a listing‘of Sl units, see the attached reprint of the
NBS October 26, 1977, Federal Register rotice.

5 This and the 15 other prefixes herein listed, designated
by a fC!DtﬁDI‘Eb are used to form multiples and submulnples
of 51 units. Prefixes are never to be used aione.

- € Usage of thls term is not recommended by American
National Standard Z210.1-76. No Freﬂx other than milii
should be used with the unit “Jiter.”

? The unit “liter' presents a special problem. To avoid
confusing the lowercase |, which is the international
symbol for liter, with the numeral "1."" the symbol “L” is
recammermded for United States use. The U.S. Department
of Commerce recommends the spelling "meter”’ and “liter”
for all Government agéﬁmes and for the private sector. The
variant speilings “metre’ and "litre’’ are also used, espeeially
in British English. . .

#There are no proper symbols for these units, Instead,
the abbr’eviati@ﬁs psi or Ibf/in?, psia, and psig are used,

SUGGESTIONS FOR ADAPTING SI UNITS ANB
SYMBOLS FOR USE IN DATA PROCESSING
SYSTEMS WITH LIMITED CHARACTER SETS

,The ft:llcjwmg symbols are to be used on/y when a
limited set of characters is available to express the
unit symbols. They must not be used when the

available character set would permit the yse of the

1

*— <y
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. proper standara symbols. These symbols are ll’l—

ter’uded for use by human beings, not by t:t:xrriputer;E

Wl;en ’Char;ﬁter Set Lacks Greel;(? LettErs

(a) For symbol u substttute u (example uA
symbol for microampere.becdmes uA); i
tyﬂewrit)‘:en text or masters prepared for _
pl'kgtmreprcxductlon add a “tail” on the left’
by hand (example: yA symbol for micro-
ampere beccmes HA) ;- Y !

(b) For SVmeI 2 substitute Ohm (example:
kS'l symbal for kilohm becarﬁes kOhm).

WFen Charac;er Set Lacks Superscnpt Symb#

(a) For°¢, °F, °R, substltute.C F,and R )
lexample: 12 degrees Celsius becomes

12 Cl)

L
(b) For .units of 'plane angle substitute the fol-
lowmg abbreviations:

€
4
deg for (°) degree -
m}; r (') minute
sec for (") second

When Character Set Lacks Superscript Numerals: )
. A )
Usé numbers on the line (example: mm? symbol
. for squaré millimeter Becomes mm2; W/m?
‘symbol for watt pédr square meter becomes W/m?2
or WYm-2; m=3 for per cubic meter becomes S
m-=3}.- When expressing a negative exponentTse -
a solidus (example: m.s-' for meter per second-.
‘becomes m/s).

When Gharacter Set Lacks Raised-DDt:

Use dot on the line (period) to indicate multlpll
cation of unit (example: N-m symbol for newton

a For further infgrmatian,’see “Part I1: Symbols to be
Used With Ligflige Character Sets,” IEEE Standard.260-
1977 (New York, Institute of Electrical and Electronics
Engineers, Inc., 1977).-




ond beﬁoﬁwes Pa 5) .
When Character Set is Llrmted to a Smgle Case
T T T S M
(a) Write syrﬂbols in S|l‘lg|é C‘ESE EVEHEb‘lE
f%arly always makes authar 5 mtentmn clear ;
(xampter M orm for mega- andmilli-; MW
-or mw for megawatt and millivwatt; P or p
for.pico:-and peta-; S or s for second (time]
* and siemen®\and T or t for tesla-and metric
ton) ’ ]
4 - .
(b): Wh%g context alone does not make the
: atJthor 5 mtentlon clear, write the unit name
in full :

When Indicating Division of Units:

Separate numerator and denominator by a soli-
dus.(/) or express denominator:with a negative ’
" expohent (exa’mpi? meter per second becomes
m/s or m+s>1; kilonewton.per square meter
becomés I=<N/rr'|2 or kN-m-2). - -3

'Note'; n data processing, as efsewhere, it is
recormmended that numbers with four or
more digits be placed in groups of three
separated by a space instead of a comma,
counting fromi both the left and the right

_ of the degimal point, in order to avoid the
* . eonfusion which results from the European
. custom of using commas to express decimal
points {(examplé: 389 967.618 87 for
389, 967 61887].

. THE METRIC
: SYSTEM OF
i MEASUREMENT (St)

FE

W]

ERAL REGISTER NOTICE
of
OCTOBER 26, 1977

This NBS Letter.Circular reproduces the Federal
Register notice that intefprets and modifies the
International Systern of Units (S}, the Modernized



Metric System, for the United States. This notice
- supersedes a similar notice dated Decembrer 10,
1976. )

Also included is a chart that shows the relation-
ships of all the S| units tD which names have been
assigned. . :

h Mey be repmdueed freely
Reproduced: by permission
U.5. DEPARTMENT OF CDMMEHCE/NE unal Bureau af §tehd§rds

Washmqmn De. :«_’DESQ 7 q
‘Office of the Secretary
« _ THE METRIC SYSTEM OF -
: MEASUREMENT o

" Interpretation and Modification of the ln-

- ternatianal System of Units for the

United States.

. - : .

Section 3 of Pub. L. 94-168, tHe Metric
Conversion Act of 1975, declares that the
policy of the United States shall be to
coordinate and plan the increasing use of
the metric system in the United States.
Section 403 of Pub. L. 93-380, the Educa-
tion Amendments of 1974, states the pol-
icy of the United States to encourage
educational agencies and institutions to
prepare students to use the metric sys-
tem ofimeasurement as part of the reg-
ular education program. Under both
these acts, the “metri® system of meas-
urement’ is defined as the International
System of Units as established by the
General Conference on Weights and
Measures in 1960 and interpreted or
modified for the United States by the
Secretary of Commerce (subsec. 4(4),
Eub; 94-168; subsec. 403(a) (3), Pub.
L. 9 —380) The Secretary has delegated
her‘/ \uthority under these subsections to
the' Assistant Secretary for Science and
Technology. In implementation of this
authority, ta’eEs and associated:mate-
rials were published in the FEpERAL REG-
ISTER of December (10, 1976 (41 FR

11 71*
1



- 154018) setting f@i‘th the mterpretatmn

Systenlkaf Umts (herelnafter “SI”) for
‘the United States

.- In-accordance with recent decisions of
~the International Committee for Weights
and Measures of the Gefieral Conference
on Weights*and. Measures, and to refine
- the earlier interpretation and modifica-
tion, -it is deemed appropriate to amend
that interpretation and modification, as
bublished in the above-cited FEDERAL
. REGISTER "‘notice of December 10, 1976.
To assist interested parties and encour-
iage the proper use of SI, the entire im-
terpretation and modification, ds hereby
amended, s republished. Accardmgly,
thjs notice supersedes the notlce of De-
cember 10, 1976.
The amendments include the addition
_in Table 2 of the degree Celsius as an SI
derived unit with a special name, and,
also in Table 2, more precise dgscriptions
of the auangltles for the becquerel and
the gray. There are two additions to
Table 4 of SI derived units expressed by
means of special names. The amend-
ments are mdlcateci by a dagger symbol
(t). = .
The SI is canstructed from seven basé

Supplémentary umt.'s fc:r plane angle and
solid angle listed in Table 1. -

T ABLE 1.——NT hitse and sup Irm« m‘my units

Qnm(lh

—_— —_ .
S1 haw tnits
length . el meter___._ _. m
mass oo . . L kilogram. . . kg
time. ... ... ... .. second ... s
electric eurrent . ... ... _. ampew ... A
thermaodynamic temperature . kelvin. ... K
amount of sithstance . _. . mole._... ... mol
liminous intensity ... _ ... __ randela ... od
Sl supplementany Units
peane angle. .. . radian .. ___. rad

bk
;

P
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solidangle.._.__....___._..... steradian.... sr’

1 “Weight” is the commonly usederm for “mass.”’
Units for all other quantities are de-
rived, from these nine units. In Table 2
are listed 18 SI derivedjunits with special
and supplementary umts in a coherent
manner, which means, in brief, that they
afé Expressed as pf*aduc:tq and ratic»-s Df

w1thout npmerlcal _fact,Drsi o -

TanLE -2.—8/[ derived  units with special
' namnes

Quantity ) ' ~ 7 Expre;imn
Name Eymbol in terms of
other units

g=1
oree. nc*wt(m kg-m/s°
pressure, stress..____. pascal._._. Pa N/m?
energy, work, quan lellE”,::: J Nm
tity of heat.
power, radiant flux_.. watt...... W I/s
quantity of electric-  coulomhb __ .C Ag
ity, electric charge.
electric potential, po- volt. .. .. _. Ay W/A
tentia dnTerence .
Efeﬁrnmouve lorc‘e
CapAac e a .F . (7AY
electric resistance._ ... ohm...__.. V/A
condiictance. .. . Si 3 AV
magnetic flux . wel Vs
magnetic flux density. tesla. .. ... T Wh/m?
mductaﬂre,_,: .... henry... Wh/A
lumninous MTux. .. lumen_..._ Im cd-sr
ilMiminance._.._...... lux._._. I 64 1m/ms?
tCelsius degree °C K
temperature.! Celsius.
tactivity (of a becquerel. . Bq 5!
radionuclide).
tabsorbed dose, gray. . ... Gy Jikg

specific energy

imparted, kerma,

absorbed dose
__index.

tIn addition to the thermodynamic temperature

(symbol T),

xpressed in kelvins (see table 1), use is also

made of Celsius lemperature (symbol ¢) defmed by thgi

equation

{=T=T,

where T,=273.15 K by definition. The unit “degree

Celslus' is equal to the unit “kelvin,”

13 7
A

but ‘‘degree
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Celsius’’ isa special name in placé of *'kelvin'’ for express

_Ing Celsius temperature. A temperature interval or s
" Celsius temperature differerjce can be expressed in de

grees Celsius as well as in kelvins,
All other SI derived units, such.as those
in tables 3 and 4, are similarly derived

supplementary, and special-name SI

units. '

Tasre 3.—FEramples of ST derived units
crpressed in terms of base units

t

Quantity SLunip  + " Unit
‘ ' symbol

meter per second. ... m/s ¥
meéter per-second m/s’
squared

wave number.__._._._ 1l per meter.. _..___. .. m=!

densily, mass kilogram per cuibic kg'm?
density. . meter. .
current density_._..__ ampere per square ' - A’m?
) meter. '
magnetic field ampere per meter. ... . A/m
strength. .
concentration (of miole per cubic meter. . mol/m3?
amount of ’
substance).
specific volume_._. ... ciibic meter per mi/kg
kilogram. )
luminance... .. _.__. candela per square cd/m?
meter. )

Tasry 4 -——Framples of SI derived units
erpressed by means of special names

Quantity Name - Unit
) symbol

dynamic viscosity. . . pascal second . ... . Pa-s
moment of force_ ... newton meter..____. N-m
surface ten<ion. ... newton per meter. .. N/m
power density, heat walt poer square ~ W/m?
flux density, irradi- meter. -
ance. o
heat capacity, joule per kelvin.._._ J/K
entropy. o
specific heat capac- jaule per kilogram J/(kg-K)
ity, specifie kelvin
entropy.
specific energy .. ... joule per kitogram.__ J/kg
thermal conductiv- walt per meter W/im:K)
ity. = kelvin.
energy density. ... joule per cubic J/mi
meter.
electric field strength. volt per meter. . <. \'/m N
electric charge den- coulomb per cubie C/m1
- Bily. : meter, B '

14
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electric flux dmiitg_ coulomb per square C/m?

meter.

permltnvny ,,,,, . .. farad per meter._.__. F/m
ﬁermeahlhtv_ e Henry per meter..___ H/m.
molarenergy. . _______ joule per mole. . J/imol
molar entropy, molar joule per mole kel- J/(mol- K)

heat capacity. ¥ ViIt.
texposure (x and muléml’p per Eilo- C/kg

¥ rays).: - gram.
Tab:,pr ﬁd dose rate... gray. per second . __. ¢ (Jy/':

For use v xth the SI unit;s there is a set
of 16 prefixes (see table 5) to form mul-
tiples arrd submultiples of these units. It
is important to' note that the kilogram
_is the pnly SI unit with a prefix. Because
double’ prefixes are not to be used, the
prefixes of table 5, in the case of mass, .
are to be used with gram (symbol g) and
not with kilogram (symbol kg).

TABLE §.—ST prefires

Prefix ‘%‘}mbul
exa........... 4. . .__ E
peta. . P
tera. .. .......... . T.
Figa. . G
mega .M

_ kilo.. -k

.. hecto_. h

.. deka_.__- . da
deci ... ... d
centi.. - N
milli-..._ ... m
b 197l o M - H
NANO.- . _.......__.._._.. n

SPplco.. ... . .. ... P
femto. ... f
atto__,-,::“::;: ______ a

C?ert.aln umts which are not part of the
SI are used so widely that it is imprac-
tical to abandon them. The units that are

-accepted for continued use in the United

States with the International System are

listed in table 6. .

Tanre G.—C'nite in wuse with the inter-
national system

Name . %)mhnl \ alue in SI umt
mintte (time). ... . min I min=680s
,,,,,, h 1 h=60 min=360053

hone - ...

=



day . ... .. . .. d 1d=24h=86400s

degrev (angle) AAAAAA e 1°= (x/180) rad
miniite (Emgh:)__x.: ’ 17 = (1/60)° = (x/10800) rad
second (angle). . "o 17=(1/60)" )

CoN = (x/648 000) rad
liter._. .. ______.... L* ~ 1 L=1dmi=10-Im?
metric ton __ ... Lt « 1it fll}-'-* kg

1t :10'I m?

h?c‘mxe (land area). ha

"The mtprnatmnal symhnl fur 11191 is the lcwgrcasa
1", whirh can easily be mnfu%vd with the numeral ‘1.
Accordingly, the symbol “L" is. fecommended for
United States use,

In those cases where t;heir'usage is
already well established, the use, for &
limited time, of the units in table'7 is
accepted, subject to future review.

TABLE T.—1U'nits to be uscd for a limited

- time -
nsmu al rmlp angstrom gal! rad 2
knot barn curie
standard atrrm%phere bar roentgen
t Unit of ac Celpratmn, 2 Unit of ahsarbed dnse

Metric units, symbols, and terms that
are not'in accordance with the foregoing
Interpretation and Modification are no
longer accepted for continued use in the
United States with the International
System of Units. Accordmglyﬁthe follow
ing units and terms listed in the table
of metric units in section 2 of the act of
July 28, 1866, that legalized the metric
system of weights and measures in the
United States, are no longer accepted for
use in the United States:

kilo (for kilogram) myriagram

millier or tonneau stere

quintal Igiyriameter

For more information regarding the
International System of Units, contact
the Office of Technical Publications, Na-
tional Bureau of Standards, U.S. Depart-
ment of Commerce, Washington, D.C.
20234. ‘ o :

4 JORDAN J. BARWCH,
Assistant Secretary for
Sclence and Technology.
[FR Doc. 77-31094 Filed 10-25-77;8:45 am]
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The chart on ‘the FOLDOUT shows graphically
how the 18 S| derived units with special names
listed in Table 2 of the Federal Register Notice, re-

" printed below, are derived in a coherent manner

from the base and supplementary units. In the

, first 'c’;DIumﬁ the symbols of the’ base and supple—

. name of t@unlt Shown toward the upper Ieft of

.the rectangle and the name of the quantity (meas-
urable attribute) shown below.the reétangle. In
the third column the symbols of the derived units
witH ;’DECial ﬁames are ShDWﬁ in solid c:ircles with

of the cnrclei the name of the quaﬂtlty shown
below the circle,and an expression of the derived
unit in terms of ather units-shown toward the up-
per right, |n the second column areshown those

derived units wn:hc)ut spémal names that are used.
rnames. In the chart the denvanon of each umt is
indicated by arrows bringing in numerator factors
(solid lines) and denominator factors {(broken
lines),

The degree Celsius, shown on the chart in a
broken-line regtangle, is a special name for the
kelvin, for use in expressing Celgius temperatures
or temperature intervals. Where it is used to.ex-
press temperature intervals, it is equal to the
kelvin, as shown on the chart, with the symbol K
tuward the upper rlqht of the °C CIFCIE where |t is
used to g ’,
below EL‘(:;ILI:. TEMPEF(ATLJRE” relates Cel-
sius termpk rature (tor ) to thermodynamic tempera-
ture (T@L \ .
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